Although bank capital regulation permits a bank to choose freely between equity and subordinated debt to meet capital requirements, lenders and investors view debt and equity as imperfect substitutes. It follows that the mix of debt in regulatory capital should isolate the role that the market plays in disciplining banks. I document that since the Federal Deposit Insurance Corporation Improvement Act of 1991 (FDICIA) reduced the ability of the FDIC to absorb losses of subordinated debt investors, the mix of debt has had a positive effect on the future outcomes of distressed banks, as if the presence of debt investors has worked to limit moral hazard. To mitigate concerns about selection, I use the variation across banks in the mix of debt in capital generated by cross-state variation in state corporate income tax rates. Interestingly, instrumental variables (IV) estimates document that selection problems are indeed important, but suggest that the benefits of subordinated debt are even larger. I conclude that the market may play a useful direct role in regulating banks.
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I. Introduction
Economists There are two potential mechanisms through which mandatory subordinated debt could improve the supervision of commercial banks. First, the market could provide information about default risk that helps supervisors allocate supervisory resources in the right place or prevents supervisors from forbearing against problem banks. Second, subordinated debt investors could discipline banks directly through restrictive covenants that prevent moral hazard during financial distress.
The existing empirical literature has largely focused on evaluating the efficacy of this first mechanism, i.e. the ability of bond holders to price changes in bank risk.
While early research found little relationship between the measured subordinated debt spreads over U.S. Treasuries and measures of risk from the bank balance sheet, studies using more recent data have been more successful in finding evidence that subordinated debt holders are effective monitors of bank behavior. 1 The conventional interpretation of the newfound relationship between spreads and risk is that subordinated debt holders felt safe under 1 Avery, Belton, and Goldberg (1988) found no evidence in a sample of the 100 largest Bank Holding Companies over 1983-1984 that debt spreads were sensitive to either ratings by Moodyʹs or Standard and Poorʹs or a FDIC index of risk. Gorton and Santomero (1990) argued that the spread-risk relationship should actually be non-linear. As the payoffs to subordinated debt effectively look like those to equity when leverage is high. This observation did little, however, to help uncover a relationship between debt prices and risk, casting serious doubts on the ability of subordinated debt to impose any market discipline on banks. Flannery and Sorescu (1996) investigated the issue over a longer panel using more recent data (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) on 422 bonds issued largely by Bank Holding Companies. The authors found that spreads are sensitive to measures of leverage, accruing loans past due, and real estate holdings of the holding company, but that this relationship is strongest with more recent data. These findings were largely confirmed by DeYoung et. al. (1998) . Jagtiani, Kaufman, and Lemieux (1999) find evidence that there is little difference between the pricing of debt issued by banks or bank holding companies. Morgan and Stiroh (2001) also present evidence that the spread -risk relationship on bank bonds is weaker for larger and less transparent banks.
implicit guarantees by the FDIC to assume any losses, which were ended by Congress through FDICIA in 1991. 2 However, the crucial question is not whether or not the price of debt is sensitive to risk, but whether or not this risk-pricing (or enforcement of covenants) would actually deter banks from taking risks that they would otherwise not take. There has been less work on this issue, as only Bliss and Flannery (1999) even attempt to answer this exact question in a recent study, making a clear distinction between monitoring and influencing by debt holders, but fail to find any evidence that the market influences bank behavior. 3 This paper attempts to fill this gap in the literature by measuring the direct effect of subordinated debt on bank behavior.
A starting point for such an investigation must be Levonian (2001) , who argues that a substitution away from equity towards subordinated debt in a bankʹs capital structure only increases leverage, which in turn worsens the underlying 2 This story is difficult to reconcile, however, with widespread evidence that depositors have imposed market discipline on banks Hannan and Hanweck (1988) found that interest rates on Jumbo Certificates of Deposit issued by 300 large banks in 1985:I were sensitive to balance sheet measures of risk. Park and Peristiani (1998) found evidence in a sample of Savings and Loans over 1987-1991 that banks one would predict to fail on the basis of balance sheet characteristics paid higher interest rates to uninsured depositors and had slower growth rates of uninsured deposits. Finally, Cook and Spellman (1994) concluded that GAAP insolvent Savings and Loans paid risk premia on their insured deposits in 1987-1988. 3 The authors study a sample of 107 Bank Holding Companies over 1986-1998 that issued Y-9 Call Reports to the Federal Reserve, had stock prices reported in the CRSP Stock Returns and Master Files, and bond prices in the Warga/Lehman Brothers Corporate Bond Database. The authors found no evidence that bank behavior responds to excess security returns, and concluded that neither bond holders nor stockholders prominently influence managerial action.
incentives for excessive risk-taking created by the mis-pricing of deposit insurance. If the presence of subordinated debt in a bank's capital structure is going to create market discipline, this effect is going to have to be powerful enough to offset the effect that higher leverage has on bank behavior. How might this happen? A bank concerned enough about its future or its standing in other markets (i.e. its ability to issue letters of credit or trade in derivatives markets) will have reduced moral hazard incentives, and will want to protect its bond rating at the first sign of trouble. Moreover, bond investors understand these incentives, and make an attempt to mitigate moral hazard by including restrictive covenants. 4 Whether or not the bank's reputation and these covenants are enough to eliminate the greater incentive for moral hazard created by increased leverage is the question tested by this paper.
In order to measure the ability of bond investors to influence bank behavior, it is necessary to rule out the possibility that any corrective behavior is being driven by pressure from regulators. A natural way to circumvent this identification problem is to recognize that regulators and bond holders care about different measures of capital. On one hand, subordinated debt investors view equity capital as the amount of losses that the bank can absorb before eating away their 4 A recent study by Goyal (2001) documents that restrictive covenants included on subordinated debt are sensitive to a bank's charter value, especially during the 1980s when the banking industry was severely distressed.
claims. On the other hand, to a first approximation regulatory capital is the sum of equity capital and subordinated debt, and represents the amount of losses that the bank can absorb before eating away at the claims of depositors. In order to measure market discipline, a simple exercise would be to compare banks with the same regulatory capital ratios (and thus face similar pressure from regulators), but differ in the amount of subordinated debt on their balance sheets (and thus face different pressure from investors). Given a measure of financial distress, a reasonable test of market discipline would be to compare across the mix of debt in regulatory capital the ability of financially distressed banks to recover.
The analysis below implements this exact strategy for the sample of commercial banks and bank holding companies (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , and makes conclusions largely consistent with the existing literature. While the capital mix appears to have had an adverse effect on the ability of a bank to recover before FDICIA, since 1991 the mix has a strong positive effect on future outcomes, especially for stand-alone banks where debt is held by outside investors.
An important caveat to this analysis is that the presence of subordinated debt on a bank balance sheet is not exogenous. The most obvious concern is that within-bank variation in the capital mix is related to changes in the bank's financial condition, as the mix increases following the writing off of problem loans. This phenomenon seems to bias the analysis towards finding an adverse link between the mix and future outcomes. On the other hand, it is also possible that investors permit greater leverage to banks which have a greater ability to recover from distress, implying that any observed relationship between mix and future outcomes does not reflect market discipline, but rationing by the market. 5 I deal with these selection issues using cross-state variation in state corporate income tax rates an in instrument for the presence of subordinated debt in a bankʹs capital structure. It turns out that there is a strong robust relationship between corporate tax rates and the mix of debt in regulatory capital, which permits an analysis without concern about these selection issues. After correcting for selection, the beneficial effect of mix on future outcomes is much stronger. The paper concludes that the market has the ability to play an important role in the supervision of banks, especially during financial distress.
The paper is organized as follows: the data are described in Section II and analyzed without dealing with selection issues in Section III; Section IV outlines results using corporate tax rates as an instrument; and Section V concludes.
II. Data
This study employs annual December data from the Regulatory capital is measured as the ratio of equity plus subordinated debt to total assets in line 1, while the capital mix is measured as the ratio of subordinated debt to the sum of subordinated debt plus equity in line 2. The capital mix is windsorized at 0 and 1 in order to eliminate the influence of a few extreme observations. Line 3 documents that only 5 percent of the bank-years and 18 percent of the BHC-years in the sample have a non-zero mix, while column (3) of line 2 suggests that the average mix of debt in capital for banks (BHCs) with any subordinated debt is equal to 11.77 (17.71) percent. Figure 1 illustrates the number of commercial banks and holding companies which have subordinated debt on their balance sheets. 
III. Analysis
This section analyzes the impact that the mix of bank capital has on the probability of future financial distress. This relationship is captured in the analysis below through the following basic equation:
(1) Pr(distress)i,t+1 = β0+β1CAPITALi,t+β2MIXi,t+β3X baseline i,t+β4X extemded i,t+εi,t
The baseline controls X baseline include log bank assets, dummies for BHC and MBHC affiliation (only when using the Bank Sample), and a full set of time effects. The extended controls X extended include the other variables listed in Table   1 : the ratio of loans and securities to assets; the ratio of loan portfolio types to total loans; the ratio of large deposits to assets; and the ratio of loan loss provisions and net income to assets. This equation is estimated by both Probit and OLS, and all of the reported standard errors are corrected for heteroskedasticity and clustered at the bank level in order to account for dependence across time for each bank. Focusing first on the banks, line 1 documents the obvious negative relationship between regulatory capital and the probability of future financial distress. A one percentage point increase in the capital ratio reduces the probability of future distress for currently-distressed banks by 1.78 percent in column (2), which is small relative to the mean of the dependent variable [61.02% from line 21 of Column (5) in Table 1 ].
A. Regulatory Capital Mix and Future Financial Distress
Line 2 of the table documents that the mix of debt typically has an adverse effect on outcomes of the bank. While an increase in debt is associated with an increase in the probability of future distress for both healthy and distressed banks, the effect of mix is much stronger for currently distressed banks. The marginal effect in column (4) suggests that a 10 percentage point increase in the mix of debt increases the probability of future distress by 1.62 percentage points, which is small relative to the dependent mean but similar to the measured effect of capital. Putting these numbers together, a one percentage point increase in regulatory capital has the same measured effect as a 10 percentage point reduction in the mix of debt in preventing future distress.
Lines 3 and 4 of the table document that a bank affiliated with a holding company in either the one-bank and multi-bank flavor has an advantage in recovering from financial distress and in preventing a transition into financial distress, a fact documented by Ashcraft (2006) . Line 5 documents that log bank size tends to increase inertia, as it increases the probability that a distressed bank remains distressed and the probability that a healthy bank remains healthy. The final four columns of the table document that these results are robust to the linear probability model. Table documents that in contrast to the banks, there is little link between the capital mix for BHCs, especially with the Extended set of controls.
Panel (B) of the
Not only is the coefficient in column (2) of line 8 no different from zero statistically, it is one-eighth the size of the same coefficient in line 2, implying that this result is not driven by the lower power of the smaller sample.
In summary, a first pass in measuring the relationship between the mix of subordinated debt in regulatory capital and future bank outcomes yields only negative or neutral conclusions, depending on who issues the debt. At the bank level, it appears that the greater leverage associated with a substitution from equity to subordinated debt undermines the ability of a distressed bank to recover, and increases the probability that a healthy bank becomes distressed.
While there is no direct evidence that this former phenomenon is driven by moral hazard, it is well-known that an increase in leverage increases the return to risk-taking created by fixed-rate deposit insurance. As moral hazard involves undertaking negative net present value projects, this would be consistent with the observed reduction in the probability of recovery from distress. On the other hand, at the holding company level, there is little connection between the mix and recovery from financial distress. In order to better understand what is driving these differences, I explore the data in further detail.
B. Differences Across BHC-Affiliation
It seems plausible that the discipline which debt investors impose on a bank is significantly different when these investors are also equity holders of the bank, as is typically the case for banks affiliated with bank holding companies. In particular, if the parent holds both subordinated debt and equity issued by the bank, it is not clear how the mix would affect the ability of a distressed bank to recover. At the same time, as has been noted in the market discipline literature, the payoffs to subordinated debt are similar to the payoffs to equity once the bank becomes financially distressed. In this case, there might be little difference between a parent and an outside investor in affecting bank behavior.
In order to develop evidence on these issues, Table 3 estimates equation (1) In summary, there appears to be little difference in the discipline imposed on a distressed bank by outside investors versus a parent holding company. Since the effect of an increase in the mix is adverse regardless of ownership, one might just interpret this result as documenting that neither a parent nor an outside investor is able to do much to prevent moral hazard by a troubled institution.
C. Differences Across FDICIA
The existing academic literature on market discipline has documented that debt spreads appear to be more sensitive to measures of risk since reforms of deposit insurance through FDICIA in 1991 which made it more difficult for the FDIC to bail out subordinated debt investors when resolving a failed bank. Given this result, it seems reasonable to test whether or not the adverse effects of capital mix measured over the entire sample have been mitigated since 1991.
Focusing first on debt issued by banks, Table 4 estimates equation (1) (3) and (4) document that the adverse effects of the mix for healthy banks in panel(A) have been greatly reduced, although small adverse effects remain.
Looking at line 3 versus line 10 or line 4 versus line 11, there has been a significant increase in the returns to one-bank and multi-bank holding company affiliation, which can be attributed to reforms of bank holding company regulation through FIRREA in 1989 and FDICIA in 1991. Finally note that log assets have a similar effect across time periods, and that results from the Probit model are confirmed by the OLS estimates of the linear probability model.
In conclusion, consistent with the existing academic literature, FDICIA appears to have had a significant impact on the influence of debt investors over bank outcomes.
If FDICIA has increased market discipline of banks by fixed-income investors, one might ask the question if there were important differential effects across BHC-affiliation. If there was no discipline previously because investors felt they would be bailed out, it seems reasonable to think that once investors face the risk of loss that they behave differently if they also have an equity position in the bank. Table 5 investigates this question by measuring the effect of FDICIA separately for BHC-affiliated and stand-alone banks separately.
The first two columns of Table 5a document in lines 2 and 7 that the adverse effects of the mix measured before FDICIA have been eliminated for distressed BHC affiliates. In the second column, an increase in the mix actually reduces the probability of future distress, as if the presence of debt has a beneficial effect, and this is statistically different from zero at the 10 percent level of confidence. Table   5b replicates this analysis for the sub-sample of stand-alone banks. The estimated marginal effect in column (2) of line 2 documents that the mix had a much stronger adverse effect before FDICIA on stand-alone banks BHC affiliates.
Along these lines, column (2) of line 7 suggests that FDICIA had a much stronger effect on stand-alone banks, and that mix actually has a stronger positive effect for stand-alone institutions than BHC-affiliates. there is a clearly a shift from an adverse to a beneficial measured effect of mix on future bank outcomes, this is not statistically different from zero. Looking at healthy institutions there is a similar shift, although it is smaller and also not different from zero.
In summary, there is evidence consistent with the hypothesis that FDICIA had a significant impact on the amount of discipline which fixed-income investors impose on both banks and bank holding companies, although results for the latter group are statistically weak, and the results for banks are strongest for stand-alone institutions where changes in the mix are most likely to have real effects.
IV. Selection in the Choice of Regulatory Capital Mix
The results displayed above are compelling in part because they tell a simple story that is largely consistent with existing academic literature. That being said, one might be concerned the potential endogeneity of bank capital mix. In particular, the primary threat to the analysis above is the fact that within-bank variation in the mix is clearly related to its current financial condition, which in turn is related to future financial condition. In particular, as a bank becomes financially distressed, it charges off problem loans against equity, which obviously increases the amount of debt in the mix. To the extent that an increase in the mix simply corresponds to greater financial distress, this creates a bias towards finding adverse effects of debt on future distress. The analysis above did not use bank fixed effects in order to avoid this problem, but that does not mean that this variation disappears from the data.
A secondary threat to identification is that the mix of debt is chosen by the bank.
If fixed-income investors permit banks which they feel are better able to recover from financial distress to take more leverage, then any observed benefits of greater subordinated debt might really reflect the greater ability of the banks which issued the debt and not the actions taken by investors to prevent future distress. The change in returns to mix since FDICIA could simply reflect the fact that investors have rationed banks with the worst ability to recover from the market. In order to minimize these problems, we need to limit the variation in the mix that we use when estimating the net benefits of subordinated debt.
A. Effective Corporate Tax Rates and Capital Mix
While finding a valid instrument can often be a challenging exercise, there is a natural candidate for isolating plausibly exogenous variation in the mix of debt in regulatory capital. Since interest on debt is tax-deductible, it follows that cross-sectional variation in state corporate income taxes should generate useful cross-sectional variation in the mix at the bank level. As the instrument focuses the analysis on cross-state variation, it mitigates each of the two threats to identification mentioned above. Note that the use of cross-sectional variation eliminates any within-bank variation in the mix, and there should be no relationship between corporate income tax rates and the ability of a bank to recover from financial distress other than through the mix.
At the BHC level, the connection between state corporate income tax rates and leverage is more subtle. While taxes also influence the optimal mix of capital, the first-order effect of higher state taxes is to reduce the income that the parent receives from its subsidiary banks through dividends. Since a parent with subsidiaries in high tax states will have a smaller dividend stream to service the subordinated debt which it issues, it will be compelled to take less leverage as taxes increase. It follows that one expects there to be a negative relationship between taxes and the mix of debt in capital when looking at consolidated BHCs.
In order to reduce the dimensionality of very complicated state corporate income tax codes, I focus on the effective tax rate on $1 million in corporate profits.
Appendix Table A1 documents for each state the mean effective tax rate over the sample period, as well as the maximum, the minimum, and the time series standard deviation. Note that while there is considerable cross-sectional variation in corporate income tax rates across states, there is very little variation in tax rates within a state over time. It follows that our analysis will not be able to use state fixed effects, implying that our instrument largely consists of crosssectional variation in state corporate income taxes. As banks and bank holding companies operate in multiple states, an institution's tax rate is constructed using weights on each state in which it operates equal to its share of deposits in that state (relative to its total deposits) from the June Summary of Deposits.
Since 95 percent of the bank-years and 83 percent of the BHC-years in our sample have a mix of zero, it is appropriate to estimate our first stage relationship between the mix and effective tax rates using a Tobit model, which is done in Table 7 . The first column uses the baseline set of covariates, while the second column uses the extended set of controls. The coefficient in line 1 documents a strong, positive, statistically significant relationship between corporate tax rates and the amount of debt in regulatory capital for commercial banks. The magnitude of the coefficient in column (2) suggests that a 1 percentage point increase in the effective tax rate on $1 million leads to an increase of 0.41 percentage points in the mix, which is large relative to the dependent mean of 59 basis points. On the other hand, for bank holding companies, the coefficient in line 4 documents an equally-strong negative relationship between the tax rate and mix of debt in capital, confirming the premise that the first-order effect of state taxes is to reduce leverage at the parent level. In summary, the first stage appears to be strong and has the right theoretical sign, implying that we have a promising start to dealing with potential threats to identification.
B. IV Estimates of the Benefit of Capital Mix
Since the first stage of our analysis is a Tobit and the second stage is either a
Probit or OLS on a linear probability model, one cannot implement an instrumental variables estimator in the traditional fashion. As an approximation to a very complicated maximum likelihood problem, I use the first-stage to predict the mix for each bank, and then use the predicted mix instead of the actual mix in the second stage. Table 8 replicates the results of Table 2 , but now deals more convincingly with the problem of identification. The coefficients for banks in panel (A) of line 2 are striking, as each of tem is strongly negative, suggesting that after accounting for selection, the capital mix has a large beneficial effect. As in Table 2 , the benefits of mix are larger for distressed banks in columns (1) and (2) than for healthy banks in columns (3) and (4), but it is noteworthy that the amount of debt in regulatory capital even has a strong effect in preventing future financial distress for healthy banks. The final four columns document that these results are quite similar when using the linear probability model. In summary, these results suggest that the amount of subordinated debt in regulatory capital has an important positive effect throughout the sample.
Focusing on BHCs in Panel (B), one finds similar results to the banks for distressed institutions in columns (2) and (6) of line 9, but the magnitudes are even larger. The marginal effect indicates that an increase in the mix by 10 percentage points reduces the probability that a currently-distressed institution is distressed one year in the future by 20.88 percentage points in column (2). While there is some evidence that the mix of debt has an adverse effect on the transition of healthy BHCs into distress in column (4), these measured effects are two orders of magnitude smaller.
In summary, instrumental variables estimates suggest that the mix of debt in regulatory capital has a strong beneficial impact in reducing moral hazard by distressed banks. Since the instrument works in different directions at the Bank and BHC level on the mix, it is difficult to tell a simple story which dismisses the validity of the empirical strategy.
V. Conclusions
This study documents evidence that an increase in the amount of subordinated debt in regulatory capital has an important positive effect in helping a bank recover from financial distress. This result suggests that fixed-income investors are able to exert significant influence on the behavior of a distressed institution that are aligned with the interests of bank supervisors, and sheds positive light on proposals by several economists which would force banks to issue subordinated debt.
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